The objective of this experiment was to assess ruminal outflow and apparent total-tract digestibility using digesta samples from 3 sites (reticulum, omasum, and abomasum) bulls (353 ± 37 kg of BW; 24 ± 1 mo of age) with ruminal and abomasal cannulas were randomly distributed into two 4 × 4 Latin squares that were balanced for residual effects. The following experimental diets were used: 1) 60% corn silage + 40% concentrate, 2) 40% corn silage + 60% concentrate, 3) 60% fresh sugarcane + 40% concentrate, and 4) 40% fresh sugarcane + 60% concentrate. Reticular, omasal, and abomasal digesta samples were collected at 9-h intervals over 3 d. At the end of the experiment, a composite sample was prepared for each bull, and these samples were subsequently assigned to the 3 marker methods. The concentrations of CP, NDF, and iNDF of reticular digesta differed (P < 0.01) from those of the omasum and abomasum. Use of omasal and abomasal samples led to similar estimates of ruminal outflow and ruminal digestibility for DM (P = 0.65), OM (P = 0.68), CP (P = 0.85), and NDF (P = 0.57). In contrast, the ruminal outflow of digesta based on reticular sampling appeared to be underestimated. We recommend sampling from the omasum because sampling from this region is less invasive than sampling from the abomasum. Although we did not observe differences in ruminal NDF digestibility among the different marker methods, we did observe that ruminal digestibility of CP was greater for the single marker method than for the double and triple marker methods; we therefore recommend the use of the double or triple marker method.
INTRODUCTION
Understanding the changes in nutrient digestion that occur in different compartments of the ruminant digestive tract may help explain differences occurring in animal performance (Titgemeyer, 1997) . However, nutritional studies face some obstacles, including determination of the most appropriate digesta sampling site for the estimation of ruminal outflow and the best marker method (single, double, or triple) to be used for analysis.
Collection from the abomasum sampling site is confounded by the incomplete diversion of digesta outflow and the metabolic secretions that occur in this region (Harmon and Richards, 1997) . Furthermore, animals with abomasal or duodenal cannulas require special care. These types of fistulas introduce further complications and often are only functional for a short period of time (Harmon and Richards, 1997) . Therefore, studies of sites that may replace the abomasum or duodenum for digesta sampling are necessary. Recent studies have been conducted to sample reticular digesta for the estimation of ruminal outflow (Hristov, 2007; Krizsan et al., 2010) .
The most appropriate marker method to use is also controversial. In Brazil, most studies use the single marker method (1 outflow phase) using abomasal or duodenal sampling. Faichney (1993) emphasized the necessity of using the double marker method (2 outflow phases), and recent studies have used the triple marker method (Hristov, 2007; Krizsan et al., 2010) .
The studies performed herein were designed to test our hypothesis that either reticular or omasal sampling in conjunction with the double marker method would be the most acceptable approach to measure ruminal outflow in beef cattle. We assessed ruminal outflow and digestibility in bulls fed 4 diets with different proportions of corn silage and sugarcane. We sampled digesta from 3 sites (reticulum, omasum, and abomasum) using a single marker (indigestible NDF [iNDF] ), double marker (iNDF + Co-EDTA), and triple marker (iNDF + Yb acetate + Co-EDTA).
MATERIALS AND METHODS

Animals, Experimental Design, and Diets
This study was approved by the Institutional Animal Care and Use Committee at the Federal University of Viçosa (Viçosa, Brazil) .
Eight crossbred (Holstein × Zebu) bulls (353 ± 37 kg of BW; 24 ± 1 mo of age) with ruminal and abomasal cannulas were randomly distributed into two 4 × 4 Latin squares that were balanced for residual effects and run concurrently. The bulls were offered feed for ad libitum intake twice daily at 0700 and 1500 h, and diets were fed as total mixed rations. Bulls were housed in tie stalls and had free access to water throughout the trial. Four experimental diets, 3 digesta sampling sites, and 3 marker methods were assessed for the estimation of ruminal outflow and digestibility of DM and digesta components. The following experimental diets were used (DM basis): 1) 60% corn silage + 40% concentrate, 2) 40% corn silage + 60% concentrate, 3) 60% fresh sugarcane + 40% concentrate, and 4) 40% fresh sugarcane + 60% concentrate.
The DM from corn silage and sugarcane was assessed daily to adjust the amount of urea (U) and ammonium sulfate (AS; 9:1 U:AS] supplied to the bulls, and the U:AS mixture was used to adjust the CP content of the diets to 120 g/kg DM (19.2 g of N/kg DM). The DM content was analyzed daily in duplicate, using a conventional microwave oven, according to recommendations from the National Forage Testing Association (1993) . Feeds and orts were weighed daily, sampled, and frozen for later analysis.
The chemical compositions of the feeds used in the experimental diets are shown in Table 1 . The concentrate used in all diets consisted of 90.4% ground corn, 7.9% soybean meal, 0.85% mineral mixture, and 0.85% NaCl. The compositions of the concentrate and diets are shown in Table 2 . The diets were isonitrogenous and formulated for a gain of 1.10 kg/d according to the Brazilian BR-CORTE system described by Valadares Filho et al. (2010). 
Digestibility Assay
The bulls were subjected to total fecal sampling for 3 consecutive days beginning on the 11th day of each 16-d experimental period (Lukas et al., 2005) . Feces were sampled from droppings on concrete floor. At the end of 24 h of sampling, the buckets containing the samples were weighed, fecal samples were homogenized, and a subsample per day was dried in a forced-air oven at 55°C for 72 h. After drying, the samples were ground to pass through a 1-mm screen (Wiley mill; A. H. Thomas, Philadelphia, PA) . Subsequently, a composite sample of feces for each bull was prepared, taking into account the amount of feces excreted relative to the amount of the oven-dried sample. These samples were stored for future analysis of OM, N, NDF, iNDF, Co, and Yb.
Procedures for the Sampling and Preparation of Digesta Samples
Four experimental periods lasting 16 d each were completed with 10 d for adaptation to the experimental diet and 3 d for fecal sampling (Prates et al., 2012) . On d 14 to 16 of each period, reticular, omasal, and abomasal digesta were sampled and feed intake was measured. Additionally, orts and forages were sampled.
Continuous infusions of the flow markers Yb acetate (2.5 g/d of Yb acetate or 1.05 g/d of Yb) and Co-EDTA (5.0 g/d of Co-EDTA or 0.7 g of Co) were performed using 2 peristaltic pumps (model BP-600.4; Milan Scientific Equipment, Inc., Colombo, Paraná, Brazil) from d 11 of the experimental period until the last sampling of digesta on d 16.
A total of 8 samples were collected from the reticulum, omasum, and abomasum at intervals of 9 h over a 3-d period. The sampling sequence was abomasum, omasum, and reticulum applying a similar time schedule. The abomasal digesta were sampled through an abomasal cannula (T-type), and approximately 1 L of digesta was obtained at each sampling. The technique by Huhtanen et al. (1997) , adapted by Leão (2002) , was used for omasal digesta sampling with approximately 1 L of digesta obtained per sampling.
Reticular digesta was sampled according to Krizsan et al. (2010) . A 250-mL screw cap container was inserted through the rumen with the lid closed and then opened in the reticulum. After the container was filled with reticular digesta, the cap was screwed on while still inside the reticulum, and the container was removed to yield a subsample of the total sample collected. This procedure was performed 4 times until a total of approximately 1 L of reticular digesta was collected at each time point. The ruminal contents were mixed on the way to the reticulum when the 4 samples were collected; therefore, it is possible that the reticular samples contained ruminal contents in addition to reticular contents. The digesta samples were stored in plastic containers at -20°C.
At the end of each experimental period, samples for the assessment of ruminal outflow were thawed at room temperature and composited by animal. This resulted in a sample of approximately 6 L of each digesta (reticular, omasal, and abomasal). That sample was divided as follows: 1 L of sample was used for the single marker method and 2 L of sample was filtered through a 100-μm nylon mesh filter with 44% open area (Sefar Nitex 100/44; Sefar, Thal, Switzerland), thereby obtaining 2 phases (double marker method). The phase retained in the mesh was designated as the particle phase, and the filtered phase was designated as the fluid + small particle phase; 3 L of sample was filtered through a 100-μm nylon mesh with 44% open area (Sefar Nitex 100/44, Sefar, Thal, Switzerland). The phase retained in the mesh was designated the large particle phase, and the filtered phase was centrifuged at 1,000 × g for 10 min at 5°C. The supernatant phase was designated as the fluid phase, and the pellet was termed the small particle phase (triple marker method).
All samples were stored in plastic trays maintained at -80°C and lyophilized once frozen. After lyophilization, the samples were ground in a knife mill with 2-and 1-mm sieves (Wiley mill; A. H. Thomas).
Indigestible NDF and Chemical Analysis
The ground, freeze-dried digesta samples were analyzed for DM, OM, and N (AOAC, 2000; method numbers 934.01 for DM, 930.05 for OM, and 981.10 for CP). Ether extract was analyzed according to the AOAC (2006). The NDF was analyzed according to the technique described by Mertens et al. (2002) , without the addition of sodium sulfite but with the addition of thermostable α-amylase to the detergent (Ankom Technology Corp., Fairport, NY). The NDIN and ADIN followed the technique described by Licitra et al. (1996) . The method of Van Soest et al. (1991) was used for analysis of ADF.
The iNDF concentration was quantified in triplicate on reticular, omasal, and abomasal digesta samples (1 phase, 2 phases [particles and fluid + small particles], and 3 phases [large particles and small particles]) and on samples of orts and feeds that were included in the experimental diets. The samples used for quantifying iNDF were ground in a knife mill with a 2-mm sieve (Valente et al., 2011) . Sample amounts of 1.5 g were added to preweighed polyester bags with a pore size of 12 μm and a pore area equal to 6% of the total surface (Saatifil PES 12/6; Saatitech S.p.A., Veniano, Como, Italy). The bags were incubated for 288 h in the rumen of 2 bulls fed a diet consisting of 50% corn silage and 50% concentrate (DM basis) at maintenance level (Huhtanen et al., 1994) . After removal from the rumen, the bags were rinsed in a household washing machine, dried at 45°C for 48 h, and weighed. Residues were then analyzed for NDF in an Ankom 200/220 Fiber Analyzer (Ankom Technology Corp.). Heat-stable α-amylase (Mertens et al., 2002) was used in the determination of NDF.
Nonfiber carbohydrates (NFC) were calculated according to Detmann and Valadares Filho (2010) , where NFC (% of DM) = 100 -[CP -(CP derived from urea + urea) + NDF + ether extract + minerals]. Starch concentration was analyzed according to method 7611 of the American Association of Cereal Chemists (2003) on a Roch Cobas Mira S instrument (Roche Diagnostics, Basel, Switzerland). Water-soluble carbohydrate in the forages was determined as described by Thomas (1977) . The OM content of forages and effluents was analyzed by combustion at 550°C for 6 h in a muffle furnace.
For NPN determination, a sample suspension containing 5 g of ground forage and 45 mL of NaCl solution (9 g/L) was prepared and homogenized (1,000 × g for 5 min at 20°C) with an Ultra-Turrax T25 (Janke and Kundel, IKA-Labortechnik, Staufel, Germany), and then 20 mL of the suspension was mixed with 20 mL of 24% (wt/vol) trichloroacetic acid and was homogenized (1,000 × g for 2 min at 20°C). The mixture was incubated (1 h at 25°C) and filtered through Whatman 42 paper (Whatman, Ltd., Maidstone, UK). The NPN filtrates were analyzed with the Kjeldahl method.
Cobalt was analyzed by atomic absorption spectrophotometry (Spctr AA-800; Varian spectrometer, Harbor City, CA) according to the method described by Kimura and Miller (1957) . Ytterbium was analyzed by atomic absorption spectrophotometry (Spctr AA-800; Siddons et al., 1985) .
Calculations
Digesta flow was calculated based on single marker (iNDF) and the reconstitution technique pioneered by Faichney (1975) using a combination of 2 or 3 markers. Use of the double and triple markers systems is well established, and their use has been extensively documented in the literature (Faichney, 1975; France and Siddons, 1986) . Measurements of digesta flow using double marker systems were based on Co as the fluid phase marker and on iNDF as the independent particle phase marker. Flows estimated according to triple marker systems were based on Co as the fluid, Yb as the small particle, and iNDF as large particle phase markers.
In the double and the triple marker method calculations, the reconstitution factor was calculated based on the concentrations of markers in the different phases of digesta (France and Siddons, 1986) . The reconstitution factors of the small and large particle phases were used to mathematically reconstruct the composition of reticular, omasal, and abomasal true digesta.
The reconstitution factor indicates the units of the digesta phase that must be removed from (if the reconstitution factor is negative) or added to (positive reconstitution factor) the unrepresentative digesta to reconstruct the true digesta. The closer the value is to 0, the more representative the sample is of the actual digesta (France and Siddons, 1986) .
Statistical Analysis
Intake and apparent total-tract digestibility were analyzed in a Latin square design using PROC MIXED (SAS Inst. Inc., Cary, NC) according to the following model:
in which μ = the overall mean, l i = the effect of the Latin square i, R j = the effect of forage j, N k = the effect of level of concentrate k, RN jk = the effect of the interaction between forage j and level of concentrate k, a (i)l = the effect of animal l in the Latin square i, p m = the effect of the experimental period m, and e ijklm = the random residual error. Animal, period, and square were random effects, and all other effects were fixed.
The digesta compositions were analyzed in a scheme of repeated measurements in space using the PROC MIXED (SAS Inst. Inc., Cary, NC) according to the following model:
, and p m are as described above; S n = the effect of sampling site n; RS jn , NS kn , and RNS jkn are interactions of sampling site n with other treatment effects from the model; and e ijklmn = the random residual error. Sampling site represented repeated measure on each animal. Animal, period, and square were random effects, and all other effects were fixed. Ruminal outflow and ruminal digestibility were analyzed in a scheme of repeated measurements in space using the PROC MIXED (SAS Inst. Inc., Cary, NC) according to the following model: Reported values are least squares means. Statistical significance was declared at P < 0.05 and tendencies at 0.05 < P < 0.10. Comparisons among sampling sites and marker methods were made using pairwise t tests when the F-test was significant.
RESULTS AND DISCUSSION
Intake and Digestibility
Intake of DM and dietary constituents are shown in Table 3 . No interaction (P ≥ 0.23) was observed between the forage and the concentrate levels. Animals fed corn silage-based diets showed greater intakes of DM (P = 0.02) and OM (P < 0.01) than did those fed sugarcanebased diets. The depressive effect of sugarcane on intake may be related to the low digestibility of its fiber in the rumen (Preston, 1982) . Menezes et al. (2011) observed greater DM and NDF intakes and abomasal outflow rates in animals fed corn silage-based diets than those fed in fresh sugarcane-based diets. In this study, animals fed corn silage-based diets presented greater (P ≤ 0.04) ruminal outflow of DM, OM, and NDF than animals fed sugarcane based-diets (Table 3 ). The NDF intake was greater (P < 0.01) for corn silage-based diets than for sugarcane-based diets because corn silage diets had a greater NDF content than sugarcane-based diets.
There was no interaction (P ≥ 0.22) between forage type and concentrate level with regard to apparent total-tract digestibilities (Table 3) . Sugarcane-based diets showed greater apparent total-tract digestibilities of DM (P = 0.03), OM (P < 0.01), and CP (P < 0.01) than corn silage-based diets. The greater DM digestibility observed for the diets containing sugarcane may be explained by the observation that they contain greater amounts of NFC and less NDF. Animals fed sugarcanebased diets had lower DMI, which also might have contributed to greater DM and OM digestibility. The greater apparent total-tract digestibility of CP for the sugarcane-based diets than for the corn silage-based diets is likely due to the greater proportion of N in the sugarcane-based diets provided by U + AS, which does not contain any indigestible N.
The NDF digestibility of the corn silage-based diets was greater (P < 0.01) than was observed in the sugarcane-based diets. This result may be caused by the greater digestion rates of corn silage-based diets compared to diets containing sugarcane (Menezes et al., 2011) and by the greater iNDF content observed in sugarcane-based diets.
The animals fed diets containing 60% concentrate had greater intakes of DM (P < 0.01) and OM (P < 0.01) than those fed diets containing 40% concentrate. A greater (P = 0.05) NDF intake was observed for diets containing 40% concentrate, which may have resulted from the greater NDF content of these diets.
Greater apparent total-tract digestibilities of DM (P < 0.01) and OM (P < 0.01) were observed in diets containing 60% concentrate, whereas there was no effect of concentrate levels on the digestibility of CP (P = 0.20) and NDF (P = 0.56).
No differences (P ≥ 0.11) among the diets were detected for ruminal digestibilities of DM, OM, or CP. However, ruminal NDF digestibility was greater (P < 0.01) for animals fed corn-silage based diets than for those fed sugarcane-based diets. Thus, ruminal NDF digestion was the predominant factor altering apparent total-tract NDF digestibility, because results observed for ruminal digestibility were similar to those for the total tract. 2 Average from 2 sampling sites (omasum and abomasum) and 2 marker methods (double and triple).
Digesta Composition using Indigestible NDF as a Single Marker Method
No interactions (P ≥ 0.15) among forage, concentrate level, and sampling site were observed (Table 4) for digesta composition. Dry matter concentration was greatest (P < 0.01) for reticular digesta followed by abomasal and omasal digesta (Table 4 ). This result suggests that the digesta sampled from the reticulum may not have been representative of digesta exiting the rumen. Passage rate from the rumen has been shown to increase with decreasing particle size (Lechner-Doll et al., 1991) . However, Jung and Allen (1995) reported pooling of forage particles that had been extensively degraded in the rumen and awaiting passage. Thus, particle size reduction is not the only limitation to passage from the rumen. Ulyatt et al. (1986) suggested that the amount of material passed per contraction of the reticulum determines passage. The reticulo-omasal orifice is 5-to 10-fold larger than that the particles that pass from the reticulorumen (McBride et al., 1983) . Thus, the amount of material passed per contraction is primarily determined by duration and intensity of reticular contractions (Okine and Mathison, 1991) .
The concentration of OM was greater (P < 0.01) in digesta collected from the abomasum than in digesta collected from the omasum and reticulum. The lesser concentration of OM in reticular digesta possibly may result from collection of sand and other dense minerals in the lower section of the reticulum (Krizsan et al., 2010) . Although there is some mineral secretion in the omasum (Prins et al., 1972; Engelhardt and Hauffe, 1975) and abomasum (HCl), there is a significant absorption of minerals in the omasum (Punia et al., 1988; Ahvenjärvi et al., 2000) , which may explain a part of the greater concentration of OM in the abomasum. Although there were significant differences between digesta samples from abomasum versus reticulum and omasum, these were approximately only 2% units.
The ash content of digesta is typically high, and our values are similar to those reported by Krizsan et al. (2010) , who observed that ash was 23% of DM.
A greater (P < 0.01) concentration of iNDF was observed in the reticular digesta than in digesta from the abomasum or omasum. If iNDF in reticular digesta is used as an internal marker for the estimation of ruminal digesta outflow, this greater concentration of iNDF would underestimate ruminal outflow and generate biased data if the triple marker method does not reconstitute true digesta appropriately. According to Jaster and Murphy (1983) the increased percentage of sulfuric acid detergent lignin is related with extended time of digestion, depletion of potentially digestible NDF, and disruption of physical structure and therefore high functional specific gravity. Thus, the greater percentage of iNDF observed in this study may be related with those aspects.
The Co concentration in digesta sampled from the omasum was greater (P = 0.03) than that observed in the reticulum (Table 4 ). The value observed in omasal digesta was greater because Co is a marker that has a greater affinity for the fluid phase of digesta; thus, the more fluid in the digesta fluid, the greater the concentration of Co (Ahvenjärvi et al., 2003) . The concentration of Yb observed among the digesta sampled from different sites did not differ (P = 0.19).
Digesta Composition using Co-EDTA and Indigestible NDF
No interactions (P ≥ 0.11) among forage, concentrate level, and sampling site were observed for composition and reconstitution factors for digesta samples using the double marker method (Table 5) . In reticular digesta, 71.7% of the DM recovered were particles as compared to 55.6% of the DM in the omasal digesta and 58.7% of the DM in the abomasal digesta (P < 0.01; Table 4 . Effect of sampling site on composition of digesta sampled from the reticulum, omasum, and abomasum that were used in the single marker method in bulls fed with different diets a-c Means not bearing a common superscript differ (P < 0.10). Table 5 ). Similarly, Okine and Mathison (1991) and Hristov (2007) noted a greater proportion of particles in the reticular digesta compared to duodenal digesta. The DM concentrations of the particle and fluid phases were greater (P < 0.01) in digesta sampled from the reticulum than in digesta sampled from the omasum and abomasum. Digesta sampled from the omasum and abomasum had similar DM concentration in the particle and fluid phases. Organic matter concentration of the particle phase was the greatest (P < 0.01) in digesta collected from the abomasum. However, the OM concentration of the fluid phase (P < 0.01) was the greatest for digesta collected from the omasum.
The iNDF concentration in the particle phase of the reticular digesta was greater (P < 0.01) than in that of the abomasal digesta, whereas the iNDF value observed in omasal digesta was similar (P = 0.60) to the abomasal and reticular digesta values. There was no difference (P = 0.90) in the fluid phase iNDF concentration among different sampling sites.
The concentration of Yb observed in the particle phase was greatest (P < 0.01) in the abomasal digesta. However, in the fluid phase, a greater (P < 0.01) concentration was observed in the reticular and omasal digesta.
Digesta Composition using Indigestible NDF, Yb Acetate, and Co-EDTA
No interactions (P ≥ 0.12) among forage, concentrate level, and sampling site were observed for composition and reconstitution factors for digesta samples using the triple marker method (Table 6 ). The proportion of large particles was greatest (P < 0.01) for the digesta sampled from the reticulum comparing with omasum and abomasum (Table 6 ). The greatest (P < 0.01) proportion of small particles was observed in the omasum Table 5 . Effect of sampling site on digesta composition and reconstitution factors for digesta sampled from the reticulum, omasum, and abomasum that were used for the double marker method a-c Means not bearing a common superscript differ (P < 0.10).
1 SS = sampling site; FOR = forage; CONC = concentrate level.
2 LP = large particle.
3 FSP = fluid + small particle.
and abomasum. The greatest proportion (P < 0.01) in the fluid phase was observed in the omasal and abomasal digesta. Considering the triple marker method, the reticular digesta showed greater variations of proportionality than did the omasal and abomasal digesta. There was no difference (P = 0.60) in DM concentration in the large particle phase among the different sampling sites. However, in the small particle phase, the omasal and abomasal digesta had the greatest (P < 0.01) DM concentrations. Conversely, the fluid phase of digesta sampled from the reticulum showed the greatest (P < 0.01) DM concentration.
The OM concentration in the large particle, small particle, and fluid phases of digesta were greater (P < 0.01) for samples from the omasum and abomasum than for reticular samples. The iNDF concentration in the large particle phase was the greatest (P < 0.01) in the reticular digesta. In turn, the omasal digesta showed an intermediate iNDF concentration (P < 0.01), and the abomasal digesta showed the lowest iNDF value (P < 0.01). In the small Table 6 . Effect of sampling site on digesta composition and reconstitution factors for digesta sampled from the reticulum, omasum, and abomasum that were used in the triple marker method a-c Means not bearing a common superscript differ (P < 0.10).
particle phase, a greater (P < 0.01) iNDF content was observed in the omasal digesta than in the abomasal digesta. Contrary to what was observed in single marker method digesta, the Co concentration was greatest (P < 0.01) in the large particle phases of the reticular digesta. The Co concentration in the small particle phase was similar (P = 0.39) in the reticular and omasal digesta. In the fluid phase, the Co concentration in the abomasal digesta was similar (P = 0.68) to that of the reticular digesta. However, other studies (Hristov, 2007; Krizsan et al., 2010) did not observe differences in Co concentration between different sampling sites.
There was no difference (P = 0.53) in the Yb concentration in the large particle phase among the different sampling sites. In the small particle phase, the greatest (P < 0.01) Yb concentration was observed in the reticular digesta followed by the abomasal and omasal digesta. In the fluid phase, the greatest (P = 0.03) Yb concentration was observed in the reticular and omasal digesta.
Ruminal Outflow and Digestibility of DM and Digesta Components
Dry matter outflow was greatest (P < 0.01) for digesta sampled from the omasum and abomasum (Table 7) . The digesta sampled from the omasum and abomasum showed the greatest (P < 0.01) OM outflow values. When comparing ruminal outflow based on sampling performed in the reticulum and duodenum, Hristov (2007) also noted a difference in these 2 sampling sites, with greater outflows of DM and OM observed in digesta sampled from the duodenum. This result can be explained by the greatest concentration of iNDF observed in the reticular digesta regardless of the marker method used. This greater value of iNDF may underestimate the ruminal outflow based on reticular digesta sampling. There is the possibility that the reticular sample, by the method used to collect them in this experiment, was not representative of the digesta that left the rumen. Thus, we can hypothesize that fluid backflow from the reticulum to the rumen was responsible for concentrating the reticular digesta (Hungate, 1975) .
The OM outflow is also affected by the lower OM concentration in reticular digesta when compared to the abomasal and omasal digesta, which most likely results from the endogenous secretions of OM in the abomasum and the absorption of minerals in the omasum (Engelhardt and Hauffe, 1975; Punia et al., 1988) .
The DM and OM outflow measurements were greater (P < 0.01) for the triple marker method than for the single marker method. However, no difference (P = 0.15) was observed between the single and double marker methods. Ahvenjärvi et al. (2003) observed differences in the 3 marker methods when comparing the OM outflow in dairy cattle fed with different diets. These authors demonstrated that the single (iNDF), double (iNDF+ Co), and triple (iNDF + Yb + Co) marker methods provided different results for the OM outflow.
The greatest (P < 0.01) ruminal digestibilities of DM and OM were observed with reticular digesta (Table 7) . There was no difference (P ≥ 0.85) between digesta sampled from the omasum and abomasum. Therefore, omasal digesta sampling can be used in place of abomasal digesta sampling.
The single marker method showed the greatest (P < 0.01) ruminal digestibility values of DM, OM, and CP. For ruminal digestibilities of DM and OM, an intermediate (P < 0.01) value was observed when using the double marker method and the lowest value (P < 0.01) when us- ing the triple marker method. These results demonstrate inconsistencies among the marker method evaluated. The greatest (P < 0.01) ruminal digestibility value of CP was observed in digesta sampled from the reticulum (Table 7) . There was no difference (P = 0.71) between the digesta sampled from the abomasum and omasum again suggesting that omasal digesta sampling can be used in place of abomasal digesta sampling.
The single marker method yielded the greatest (P < 0.01) estimate of ruminal CP digestibility. The double and triple marker methods showed the lowest (P < 0.01) value. Again, these results demonstrate inconsistencies among the marker methods evaluated.
It is expected that diets containing about 12.5% of CP with 75% apparent total-tract DM digestibility present values of ruminal CP digestibility near 0 or slightly negative (Caldas Neto et al., 2008; Yahaghi et al., 2014) . In this study, we observed that digesta sampled from abomasum and omasum yielded values of 1.8 and -5.8%, respectively, for ruminal CP digestibility. The slightly negative values may be due to endogenous sources or urea recycling via saliva or the ruminal wall (Yahaghi et al., 2013) . Thus, both omasal and abomasal sampling sites could be used to estimate ruminal digestibility. However, the same was not observed for digesta sampled from reticulum, which yielded an estimated ruminal CP digestibility of 17%. Additionally, double and triple marker methods presented similar values for ruminal CP digestibility, and those were near 0 or slightly negative. Based on those findings, the abomasal and omasal sampling sites plus double and triple marker methods seem more reliable than values based on digesta sampled from the reticulum or on the single marker method.
The ruminal outflow of NDF was the greatest (P < 0.01) in digesta sampled from the reticulum (Table 7) . There was no difference (P = 0.47) in the NDF outflows between the digesta sampled from the omasum and abomasum. Similarly, Hristov (2007) noted that the NDF outflow was overestimated when using digesta sampled from the reticulum. According to Hristov (2007) , the fiber digestion process that occurs in the omasum can explain this result.
Ruminal digestibility of NDF was greatest (P < 0.01) in the digesta sampled from the omasum and abomasum (Table 7) . The lowest value of NDF observed in the digesta sampled from the reticulum can be explained by fiber digestion in the omasum (Ahvenjärvi et al., 2000; Krizsan et al., 2010) ; furthermore, a part of the digesta sampled from the reticulum may return to the rumen so that the process of fiber digestion can continue (Hristov, 2007) . There is a microbial activity in the omasum (Smith, 1984) , and it was calculated that 10% of the potentially digestible fiber entering the omasum can be digested. Considering that this estimate was based on a 5-h turnover time (Smith, 1984) , this can be considered valid to animals used in this experiment but may be not valid to dairy cows with high feed intake. Thus, the sample from the reticulum would not have experienced that digestive process and, therefore, should not be used for estimating the NDF outflow in bulls. There was no difference (P = 0.23) in the NDF ruminal digestibility among the different methods of markers used.
Conclusions
Our experiment demonstrated that omasal and abomasal sampling yield similar results for most of the parameters assessed. We have shown that omasal sampling can be used to estimate the ruminal outflow in bulls. We therefore recommend sampling the omasum, which can be done via a ruminal fistula, as an alternative to abomasal digesta sampling. Our initial hypothesis that reticular sampling of digesta would yield appropriate estimates of ruminal digestion was not confirmed in this study. However, it is important to note that the reticular sample may not have been representative due to the reticular digesta potentially mixing with the ruminal contents. The use of reticular digesta sampling for beef bulls therefore requires further investigation.
Although rumen digestibility of NDF was the same for all of the marker methods assayed, ruminal digestibility of CP was only similar between the double and triple marker methods. We therefore recommend using the double (iNDF + Co-EDTA) or triple marker methods (iNDF + Yb acetate + Co-EDTA).
